effects with those of diltiazem and nitroglycerin, we measured the tension of ring segments from isolated human coronary arteries obtained at autopsy within 5 hours after death. Precontracted segments with 3 X 10-6 M prostaglandin F2. were studied after adding cumulative concentrations of these agents (1.0-8.0 mM, 10-9-10-' M, and 10`1-106 M, respectively). Mg2+ significantly inhibited the tonic contraction compared with the time-matched controls at 1.0 and 2.0 mM (48.7±5.6% vs. 88.6±2.2%, p<0.01, 36.2±6.1% vs. 78.9±3.0%o p<0.01, respectively). 1 .0 and 2.0 mM Mg24 did not suppress, but actually increased, the amplitude of periodic contraction, but 8.0 mM Mg2+ reduced the amplitude compared with the controls (6.6±i 5.2% vs. 73.3±10.7%, p<0.01). Diltiazem at a concentration of 10`M moderately inhibited the tonic contraction, and reduced the amplitude of periodic contraction almost completely. Nitroglycerin reduced the tonic contraction almost completely at a concentration of 10-6 M but did not reduce the amplitude of periodic contraction at any concentration. We conclude that 1.0 and 2.0 mM Mg2e inhibits the tonic contraction and that 8.0 mM Mg2e inhibits the periodic as well as the tonic contraction of isolated human coronary arteries. Diltiazem inhibits the periodic contraction, whereas nitroglycerin suppresses tonic contraction without affecting the periodic contraction. (Circulation 1989; 79:1118 -1124 C oronary artery spasm has an established and important role in the pathogenesis of not only variant angina but also of ischemic heart disease in general, including resting angina, exertional angina, acute myocardial infarction, and sudden cardiac death.1-4 However, the mechanism(s) by which coronary spasm occurs remains to be elucidated.
Epidemiologic studies have shown that the mortality from ischemic heart disease has an inverse correlation with the intake of magnesium (Mg2+). [5] [6] [7] Also, reduced Mg2`levels have been found in the serum of patients with ischemic heart disease, [8] [9] [10] and an important role for Mg2`in ischemic heart disease has been postulated. In experimental studies in vitro, Mg2+ deficiency has constricted coronary arteries in dogs, suggesting that Mg2`defi-ciency may cause coronary spasm and subsequent sudden death in humans. ' After 80 minutes of incubation after PGF2a administration when the tension stabilized, cumulative concentrations of Mg2+, diltiazem, or nitroglycerin (1.0-8.0 mM, 10-9-10-5 M, and 10'-o106 M, respectively) were added to the organ bath every 40 minutes. All drugs were given in 0.1-mI increments.
After the end of the pharmacologic experiments, coronary segments were fixed in 15% formalin. The fixed tissue was embedded in paraffin, and histologic sections were stained with hematoxylin and eosin and Verhoeff-van Gieson stain to identify atherosclerotic changes and degree of luminal narrowing. The area bounded by the internal elastic membrane (IEM) and the area of the coronary arterial lumen remaining patent were identified and traced under a light microscope with a drawing tube. The degree of luminal narrowing in crosssectional area was measured with an electronic digitizing tablet with a resolution of 0.1 mm (Wacom, Saitama, Japan) and a microcomputer PC-8801 (CPU Z80, Nippon electric, Tokyo, Japan). The percent luminal narrowing in cross sectional area was calculated according to the formula: [(area bounded by IEM)-(area of patent and calculated with lumen area)]/(area bounded by IEM).
Statistical Analysis
Tension after addition of each drug was expressed as the percentage of the amount of preconstriction produced by PGF2a. Significance of data was calculated with analysis of variance followed by Bonferroni's correction for paired t test and Student's t test for unpaired data. 19 Figure 5 shows the representative tracings. The tension of the control segment remained stable over the time of the experiment ( Figure 5A ). Nitroglycerin decreased the tonic contraction dose dependently, and a significant difference from the time-matched control was observed at concentrations of 1O`M or more ( Figure SC ). Figure 7 shows the representative tracings. Diltiazem reduced the amplitude of periodic contraction significantly and dose dependently at concentrations from 10`7 to 10-5 M compared with the time-matched controls ( Figure 7B) . Nitroglycerin, however, did not significantly decrease the amplitude of periodic contraction even at the high concentration of 10-6M ( Figure 7C) . Histologic Study Histologic examination was performed in all coronary segments. The percent luminal narrowing in cross-sectional area ranged from 9.4 to 62.1% (mean, 31.8%). No difference occurred in the degree of luminal narrowing among five study groups of coronary segments. Also, no significant correlation occurred between the degree of luminal narrowing and the degree of relaxation of tonic contraction in any of the Mg2, diltiazem, and nitroglycerin studies; correlationi coefficient (r) was -0.12 for the Mg2+ study (n=15), -0.27 for the diltiazem study (n = 10), and 0.30 for the nitroglycerin study (n = 10). No vs. 34.9±16.7%, respectively). Discussion Responsiveness of the human coronary arteries to various vasoactive agents has been studied in vitro with coronary segments obtained at autopsy3- 16 or from the heart of recipients for cardiac transplantation.12,17 In the case of coronary segments obtained at autopsy, some inevitable time delay exists in starting experiments, and this may influence the responsiveness to some vasoactive stimuli.
In this study, we studied human coronary segments obtained at autopsy within 5 hours after death. Although no significant changes in responsiveness of coronary arteries have been reported within this time period,20 the present study shows that nearly half of the coronary segments obtained within this time period either had unstable basal tone or did not develop enough tension in response to the agonist and, thus, were unsuitable for examining the effects of vasoactive agents. Moreover, Kimura 
